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Abstract:  Four fungicides (propiconazole, pyrimethanil, carbendazim and trifloxystrobin) and two generally
recognized as safe (GRAS) salts (i.e. sodium bicarbonate and potassium sorbate) were evaluated separately and in mixtures
against green and blue mold diseases of navel orange fruits caused by Penicillium digitatum and Penicillium italicum,
respectively. The in vitro tests showed that the two fungi were highly sensitive to propiconazole, pyrimethanil and
trifloxystrobin, and moderately sensitive to carbendazim. GRAS salts were the least effective against these fungi, however,
potassium sorbate was inferior to sodium bicarbonate. Interestingly, the addition of salt to the fungicide-amended medium
enhanced its fungicidal activity against P. digitatum and P. italicum. The results obtained from in vivo tests proved the
postulation that addition of salts to the fungicides greatly increased their efficiencies against the incidence of green and blue
mold diseases.
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1. Introduction

Navel orange (Citrus sinensis L. Osbeck) is one of
the most important and widely distributed fruit crops in the
world. It has essential factors responsible for its nutritional
and health benefits such as organic acids, vitamins,
volatiles, amino acids, sugars, phenolics and carotenoids
(Cerdan-Calero et al, 2012). This crop during
postharvest handling and storage, is subjected to be
attacked by certain diseases including green and blue
molds caused by Penicillium digitatum (Pers.: Fr.) Sacc.
and Penicillium italicum Wehmer, respectively. These
diseases are the most important diseases of navel orange,
and thus caused considerable economic losses (Palou,
2014). In storage, the disease can lead to total breakdown
and fluidity of infected fruits. The juices that are dripping
from the infected fruits help to spread the pathogens to
healthy fruits (Eckert and Eaks, 1989). Good practices
such as avoidance of injury during harvesting and
transportation as well as sanitation of packinghouses and
warehouses will reduce the incidence of postharvest
diseases.

Usage of synthetic postharvest fungicides is the
most effective method to reduce the incidence of decays.
Several fungicides including propiconazole (McKay et al.,
2012 a & b and Erasmus et al., 2015), pyrimethanil
(Kanetis et al., 2008 a & b; Erasmus et al., 2015 and
Youssef et al.,, 2017), carbendazim (Marei and Abd-
Elgaliel, 2018) and trifloxystrobin (El-Khawaga-Maii,
2006 and Khalifa and Sameer, 2014) were evaluated for
controlling postharvest diseases by several means of
applications. However, the intensive and continuous use of
these chemicals is increasingly leading to major problems,
such as human health issues, environmental pollution and
the proliferation of resistant fungal biotypes (Palou et al.,
2008 and Palou, 2018). Therefore, alternative methods for
postharvest diseases control are needed.

Treatment of fruit with sodium bicarbonate was
shown to reduce the incidence of green and blue molds of
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citrus fruit caused by P. digitatum and P. italicum,
respectively, which are in accordance with those obtained
previously (Zamani et al., 2008; Askarne et al., 2011;
McKay et al., 2012a; Helalia and Sameer, 2014;
Fallanaj et al., 2016 and Palou, 2018). Also, potassium
sorbate was superior for the control of postharvest
Penicillium decay of citrus fruit (Smilanick et al., 2008;
Montesinos-Herrero et al., 2009; Palou et al., 2009;
Parra et al., 2014; Youssef et al., 2017 and Palou, 2018).
Compared to sodium bicarbonate, potassium sorbate has
the advantage of fewer disposal issues caused by the
absence of sodium and lower pH and salinity, but it has the
disadvantages of higher price and phytotoxicity risk.
Probably for these reasons, the use of potassium sorbate
solutions in citrus packinghouses is less than that of
sodium bicarbonate solutions (Smilanick et al., 2008;
Montesinos-Herrero et al., 2009 and Palou, 2018). Also,
the addition of sodium bicarbonate or potassium sorbate
improved the performance of citrus postharvest fungicides
for controlling green and blue mold decays. Sodium
bicarbonate enhanced the effect of many fungicides such
as imazalil, propiconazole, pyrimethanil, fludioxonil,
thiabendazole and azoxystrobin (Smilanick et al., 2008;
Adaskaveg, 2008; McKay et al., 2012a; Aquino et al.,
2013a and Helalia and Sameer, 2014) for controlling
citrus postharvest diseases. Also, potassium sorbate
potentiated the activity of imazalil, pyrimethanil, and
thiabendazole against P. digitatum (Smilanick et al., 2008;
Montesinos-Herrero et al., 2009 and Aquino et al.,
2013b).

The aim of this study was to evaluate four
fungicides (propiconazole, pyrimethanil, carbendazim and
trifloxystrobin) and two generally recognized as safe
(GRAS) substances (sodium bicarbonate and potassium
sorbate) used alone or in combinations (fungicide + salt)
for controlling green and blue mold on orange fruits.
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2. Materials and Methods

The present work was conducted at the laboratory of Plant
Protection Department, Faculty of Agriculture, Al-Azhar
University, Nasr City, Cairo, Egypt during 2018.

2.1.Fungi:

An identified isolates of Penicillium digitatum and
P. italicum, the causal agents of green and blue molds of
citrus fruits, respectively, were obtained from Plant
Disease Institute, Agricultural Research Center, Giza.

2.2.Compounds:

Four fungicides, i.e. propiconazole, (IUPAC) (%) -
1-[2-(2,4-dichlorophenyl)-4-propyl-1,3- dioxolan -2- yl -
methyl] -1H -1,2,4 triazole (Teliozed, 25 % E.C.),
pyrimethanil,  (IUPAC)  N-(4,6-dimethylpyrimidin-2-
yhaniline (Pyrimdol 40 % S.C.), carbendazim, (IUPAC)
methyl benzimidazol-2-yl-carbamate (Kemazed 50 %
W.P.) and trifloxystrobin, (IUPAC) methyl (E)-
methoxyimino-{(E)-a-[1-(a,a,a-trifluoro-m-
tolyl)ethylideneaminooxy]-o-tolyl}acetate (Flint 50 %
W.G.) and two generally recognized as safe (GRAS)
substances, i.e. sodium bicarbonate (NaHCOs) and
potassium sorbate (CsH7KO2) were used.

2.3.In vitro fungitoxicity test:

A study was conducted to evaluate the fungicidal activity
of the tested fungicides and salts. Each fungicide was
diluted in sterile distilled water, and then added to cooled
PDA medium at concentrations of 0.01, 0.05, 0.1, 0.5, 1.0,
5.0, 10.0, 25.0, 50.0, 75.0 and 100.0 g a.i. / ml. Salts were
amended in PDA medium at concentrations of 100, 250,
500, 750, 1000, 1500, 2000, 2500 and 3000 pg / ml. In
other trials, PDA media amended with different
concentrations of each fungicide were further amended
with 1000 and 2000 pg / ml of sodium bicarbonate or
potassium sorbate. The poisoned media were poured in
plates (9 cm diameter), other plates containing
compounds-free medium were used as control treatment.
The medium was seeded by 0.4 cm diameter disk,
removed from 7 day-old culture of the fungus, on
solidified medium and incubated for 7 days at 25° C. Each
treatment was replicated four times. Growth on the
fungicides, salts and their mixtures amended media was
determined by measuring the colony diameter (cm). The
percentage of growth inhibition was calculated relative to
the control. The concentration giving 50 % liner growth
inhibition (ECs) was determined by regression analysis of
the log probit transformed data (Finney, 1971).

2.4.Control of green and blue molds (In vivo
tests):

The trial was conducted to investigate the
efficiency of fungicides and salts applied alone or in
mixtures (fungicide + salt) for controlling the incidence of
artificial infection with green and blue molds on navel
orange under laboratory conditions. Healthy uniform navel
oranges were used. The fruits were washed with soap,
rinsed with fresh water, and washed again with 70 %
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ethanol for surface sterilization. After drying, the fruits
were inoculated artificially with P. digitatum or P.
italicum. Inoculation was performed according to Eckert
& Kolbezen (1977) by making a scratch 1.0 cm long and
0.1 mm deep in the rind on both sides of each fruit and
then applying dry spores to the scratches with a small
brush. Twenty four hours after inoculation, orange fruits
were treated with the tested fungicides, salts and their
mixtures by dipping method in the solutions for 30 sec.
Fungicides were evaluated either separately or in mixtures
with sodium bicarbonate or potassium sorbate at 1000,
1500 and 2000 g a.i. / ml, whereas sodium bicarbonate or
potassium sorbate was evaluated separately at 1x10%,
2x10* and 3x10* pg ai. / ml, as recommended
concentrations, and in mixtures with the tested fungicides
at 1000 and 2000 pg a.i. / ml. All treatments were
replicated 3 times and each replicate contained 8 oranges.
Other fruits were dipped in water and used as control. The
treated fruits were air — dried, and inspected for decay 15
days after storage in plastic bags at 25° C. The efficacy of
each treatment was determined according to the equation
described by Samoucha & Cohen (1989) as follows: PCE
=100 (1- x / y), where PCE percentage of control efficacy,
x = number of decayed fruits in treatment and y = number
of decayed fruits in control treatment. The results were
statistically analyzed according to Snedecor & Cochran
(1969).

3. Results and Discussion
3.1.Sensitivity of Penicillium digitatum and P.
italicum to the fungicides and salts used

separately.

The effects of the tested fungicides and salts on
growth of P. digitatum and P. italicum were determined by
measuring the growth of the fungus on PDA media
containing different concentrations of each compound and
the concentration that inhibits 50 % of the fungal growth
(ECso) was calculated. Results in Tables (1 and 2) showed
that increasing the concentration of the examined
compound gradually reduced the growth of the tested
fungus. At the concentration of 75.0 pug / ml, both
propiconazole and pyrimethanil completely inhibited the
fungal growth of both fungi, whereas carbendazim and
trifloxystrobin exhibited only less than 90 % inhibition. At
this concentration, sodium bicarbonate and potassium
sorbate did not affect the growth of both fungi and the
effect of these salts started at concentration of 100 pg / ml.
Depending on the ECso values of Tables (1 and 2), the
inhibitory effect of the tested compounds could be
arranged descendingly as: propiconazole > pyrimethanil >
trifloxystrobin > carbendazim > sodium bicarbonate >
potassium sorbate and that true for each fungus. However,
P. italicum showed higher sensitivity to the examined
compounds than P. digitatum

Data listed in Tables (1 and 2) showed high
efficacy of propiconazole against P. digitatum and P.
italicum under laboratory conditions. This result is in
accordance with those of McKay et al. (2012b)
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Table 1. Growth inhibition percent of Penicillium digitatum grown on PDA medium amended with different
concentrations (ug a.i* / ml) of fungicides and salts.

Fungicides Salts

Cone.pg/ml oo le Pyrimethanil  Carbendazim  Trifloxystrobi Cor}?xﬂ Sodium  Potassium

ropiconazole yrimetnani arpendazim rirloxystrobin - 49 bicarbonate sorbate

0.01 44.44 18.56 3.67 9.22 100 5.56 1.89
0.05 53.77 29.67 5.56 18.56 250 9.22 3.67
0.1 63.00 37.00 11.11 24.11 500 16.67 11.11
0.5 72.22 44.44 16.67 35.22 750 24.11 20.33
1.0 77.77 55.56 22.22 40.78 1000 40.78 29.67
5.0 81.55 72.22 33.33 51.88 1500 55.56 44.44
10.0 88.88 83.33 40.77 63.00 2000 75.89 68.56
25.0 94.44 88.89 51.85 75.89 2500 85.22 79.67
50.0 100.0 90.78 59.22 81.44 3000 90.78 85.22

75.0 100.0 100.0 77.78 88.88 - - -

100.0 100.0 100.0 88.89 94.44 - - -
ECso** 0.043 0.44 11.48 1.70 ECso** 1071.5 14125

* Active ingredient

** ECso = A concentration as pg a.i / ml that give 50 % inhibition of the fungal growth

Table 2. Growth inhibition percent of Penicillium italicum grown on PDA medium amended with different
concentrations (g a.i* / ml) of fungicides and salts.

Fungicides Conc Salts
Conc.pug/mi Propiconazole Pyrimethanil Carbendazi Trifloxystrobin ~ pg/ Sodium bicarbonate Potassium sorbate
ml
0.01 46.33 22.22 3.67 18.56 100 5.56 3.67
0.05 55.55 38.89 5.56 27.78 250 11.11 7.44
0.1 64.48 61.11 13.00 42.55 500 14.78 13.00
0.5 74.07 66.66 18.52 48.11 750 27.78 18.56
1.0 81.48 74.11 25.89 55.56 1000 46.33 35.22
5.0 83.33 87.04 33.33 66.66 1500 59.22 50.00
10.0 90.74 88.89 50.00 72.22 2000 74.11 70.33
25.0 96.33 90.74 57.44 77.78 2500 90.78 77.78
50.0 100.0 100.0 70.37 81.44 3000 94.44 88.89
75.0 100.0 100.0 81.44 88.89 - - -
100.0 100.0 100.0 92.56 92.56 - - -
ECso™* 0.03 0.11 6.92 0.56 Ef*”‘) 955.00 1288.2
* Active ingredient
* ECso= A concentration as pg a.i / ml that give 50 % inhibition of the fungal growth
who found that the ECso value of propiconazole was 0.008 and quinol — oxidizing inhibitors (Qol) such as

Mg / ml against mycelial growth of P. digitatum. Also,
pyrimethanil was highly effective against P. digitatum and
P. italicum growth. These results were confirmed by
Kanetis et al. (2008a) who found that the ECsy values of
pyrimethanil were 0.208-0.413 and 0.01-0.082 pg / ml
against mycelial growth of P. digitatum and P. italicum,
respectively. Moreover, Khalifa and Sameer (2014)
showed that P. digitatum was sensitive to trifloxystrobin
with mean ECsy value of 0.263 pg / ml. Carbendazim
fungicide exhibited a moderate effect against the growth of
P. digitatum and P. italicum. This result was confirmed by
Marei and Abd-Elgaliel (2018) who found that the ECso
value of carbendazim to P. digitatum was 13.63 mg / L.
Based on the ECs values, the isolates of P. digitatum and
P. italicum are considered to be more sensitive to
propiconazole, pyrimethanil and trifloxystrobin than
carbendazim. Helalia and Sameer (2014) found that
ergosterol biosynthesis inhibitors such as propiconazole
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trifloxystrobin are more potent to P. digitatum growth than
methyl benzimidazole carbamate such as carbendazim. It
has been suggested that ergosterol biosynthesis inhibitors
could be used for controlling fungi — resistant to
benzimidazole fungicides (Eckert and Wild, 1983).

The results also indicated that salts at high
concentrations (2000, 2500 and 3000 pg / ml) possess an
inhibitory effect to mycelial growth of P. digitatum and P.
italicum. These results were confirmed by Zamani et al.
(2009) who found that sodium bicarbonate at different
concentrations decreased spore germination of P.
digitatum from 11 % to 83 %. Helalia and Sameer (2014)
found that the ECso value of sodium bicarbonate was 1367
pg / ml against mycelial growth of P. digitatum. Potassium
sorbate at 2 % completely inhibited the fungal growth of
P. digitatum and P. italicum (EI-Mougy et al., 2008). An
inverse relation between P. expansum growth and
potassium sorbate concentration was observed by Fadda
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et al. (2015). Based on the ECsp values of salts, sodium
bicarbonate was more potent to the tested fungi than
potassium sorbate. This result was confirmed by
Smilanick et al. (2008) and Palou (2018).

3.2.Sensitivity of P. digitatum and P. italicum

to mixtures of fungicides and salts.

Results represented in Tables (3 and 4) show the
efficiency of the tested fungicides used separately or
mixed with the salts against P. digitatum and P. italicum.
Concerning fungicide — salt mixtures, the results clearly
indicated that the ECso values of these mixtures were lower
than the values of the fungicide alone. Accordingly the
addition of salt (sodium bicarbonate or potassium sorbate)
enhanced the potency of the fungicides against the growth
of P. digitatum and P. italicum. This potentiation effect
differed according to the used concentration of the salt and
the type of the fungicide. Regardless the concentration of
salt added, the potentiating effect of sodium bicarbonate
was more apparent than with potassium sorbate. However,
this  potentiation increased with increasing the

concentration of added salt. For example, carbendazim is
considered less effective than other fungicides where it had
ECso values equal to 11.48 and 6.92 ug / ml for P.
digitatum and P. italicum, respectively. However, these
values decreased to 2.23 and 1.57 pg / ml, respectively,
when 2000 pg / ml of sodium bicarbonate was added,
indicating that its fungitoxic activity increased by 5.15-
and 4.41- fold, respectively. Indeed, potassium sorbate was
lower effective than sodium bicarbonate, whereas
fungitoxic activity of carbendazim was increased by 3.61-
and 3.87- fold, respectively, when 2000 pg / ml of
potassium sorbate was added.

Generally, the fungicidal activity of the tested
fungicides, particularly carbendazim, was increased by
adding sodium bicarbonate or potassium sorbate to the
fungicides. These data are in agreement with previous
studies (Adaskaveg, 2008; Smilanick et al., 2008;
Montesinos-Herrero et al., 2009 & 2011; McKay et al.,
2012a; Aquino et al., 2013 a & b; Helalia and Sameer,
2014 and Palou, 2018).

Table 3. Effect of mixtures of salts with different fungicides against Penicillium digitatum.

ECso* (ng/ml) of the fungicides

ECso*(ug/ml) of the

Funaicid £ EC_59; of the + Sodium bicarbonate at fungicides + Potassium sorbate at
ungicides . a‘i’;?;f' es . 1000 pg/ml 2000 pg/ml 1000 pg/ml 2000 pg/ml
parately ug ECo* PE** ECw* PE* ECw* PE* ECe* P.E*
Przp'conazo' 0.043 0031 139 0026 165 0040 108 0029 148
Pyrimethanil 0.440 0190 232 0120 367 0280 157 0200 220
C;rbe”daz' 11.480 3790 303 2230 515 3810 301 3180 361
Tgi';'oxys”o 1.700 0660 258 0430 395 0680 250 0540 315
* ECs = A concentration as g a.i / ml that give 50 % inhibition of the fungal growth
** p.E. = Potentiating Effect = ECs, of the fungicide alone / ECs, of the mixture
Table 4. Effect of mixtures of salts with different fungicides against Penicillium italicum.
ECo* of th ECso* (ug/ml) of the fungicides ECso*(ug/ml) of the
. 50 OTthe + Sodium bicarbonate at fungicides + Potassium sorbate at
Fungicides fungicides 1000 pg/ml 2000 pig/m 1000 pg/ml 2000 pg/ml
separately pg/ml Hgm Hg'm AL Hg'm
ECw* P.E** ECsx* PE** ECp* PE** ECp* PE**
Przp'conazo' 0.030 0018 167 0010 300 0022 136 0017 176
Pyrimethanil 0.110 0082 134 0055 200 0091 121 0064 172
C;rbe”daz' 6.920 1960 353 1570 441 2630 263 1790 3.87
Tt:i';'oxys”o 0.560 0270 207 0160 350 0310 181 0210 267

* ECso = A concentration as g a.i / ml that give 50 % inhibition of the fungal growth
** P.E. = Potentiating Effect = ECs, of the fungicide alone / ECs, of the mixture

3.3.Control of green and blue molds (In vivo

tests)

The effect of fungicides at 1000, 1500 and 2000 ug /
ml were evaluated separately and in mixtures with 1000 and
2000 pg / ml of salts for controlling green and blue mold
diseases on orange fruits. Moreover, the effects of both salts
at 1x10% 2x10* and 3x10* pg / ml, as recommended
concentrations, were evaluated separately. Results listed in
Tables (5 and 6) showed that all the fungicides and salts
separately had curative activity when applied 24 hrs. after
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infections depending on the used concentration. Results also
indicated that all compounds reduced the incidence of green
and blue mold on orange fruits. Increasing the concentration
of compounds resulted in increment their effectiveness
against the pathogen. Propiconazole and pyrimethanil
seemed to be the most effective fungicides followed by
trifloxystrobin and later carbendazim. The separate
treatments of both salts at higher concentration of (3x10* g
/ ml) gave less than 71 % control efficiency of both green
and blue mold diseases. Results in Tables (5 and 6) showed
that the addition of sodium bicarbonate and potassium
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sorbate to the fungicidal treatments greatly increased their
efficiencies against the incidence of green and blue mold
diseases and reduced their concentrations required to give
the best control rates. The addition of 2000 pg / ml sodium
bicarbonate and potassium sorbate to the tested fungicidal
treatments, propiconazole, pyrimethanil, carbendazim and
trifloxystrobin, each at 1500 pg / ml raised their fungicidal
activities against green mold disease (Table 5) from 70.83,
66.67, 45.83 and 54.17 to 91.67, 83.33, 75.00 and 83.33 %
and to 87.50, 83.33, 66.67 and 79.17 %, respectively.
Moreover, the fungicidal activities of the tested fungicides
at 2000 pg / ml ranged from 70.83 — 87.50 % which raised
to 91.67 — 100 % and to 87.50 — 100 % when the same
concentration was combined with 2000 pg / ml sodium
bicarbonate and potassium sorbate, respectively. Also, the
PCE values of these fungicides used alone at 1500 pg / ml
against blue mold disease (Table 6) were 70.83, 70.83,
54.17 and 50.00 %, respectively, which reached 95.83,
95.83, 83.33 and 87.50 %, and reached 91.67, 91.67, 75.00
and 79.17 % when both sodium bicarbonate and potassium
sorbate, respectively, were added at 2000 pg / mi.
Moreover, when propiconazole and pyrimethanil were
applied separately at 2000 ug / ml, they exhibited 91.67 and
79.17 PCE, respectively. However, both fungicides at the
same concentration completely prevented the incidence of
the disease when mixed with 2000 pg / ml of sodium
bicarbonate and potassium sorbate Results listed in Tables
(5 and 6) showed that all fungicides treatments reduced the
incidence of green and blue mold diseases caused by P.
digitatum and P. italicum, respectively, on orange fruits.
The results obtained are in agreement with those obtained
by many investigators. Adaskaveg (2008) indicated that
propiconazole was the promising candidate for the control
of postharvest decay on citrus fruits caused by Penicillium
spp. Propiconazole was highly effective against several
important decays, including green and blue mold (McKay et
al.,, 2012a and Erasmus et al., 2015). Pyrimethanil
effectively controls green and blue mold diseases and could
be used to control isolates of Penicillium resistant to other
fungicides (Kanetis et al., 2008b; Smilanick et al., 2008
and Erasmus et al., 2015). Pyrimethanil has been registered
in USA against citrus green and blue molds (Youssef et al.,
2017). Carbendazim is used for the control of a wide range
of fungal diseases including postharvest decays on citrus
fruits (Marei and Abd-Elgaliel, 2018). Trifloxystrobin was
reported in controlling green mold disease in orange fruits
(Khalifa and Sameer, 2014).

Results listed in Tables (5 and 6) showed that the
salts, sodium bicarbonate and potassium sorbate used alone
could be used to control the incidence of green and blue
mold diseases on orange fruits. Previous researchers (Zhang
and Swingle, 2003; EI-Mougy et al., 2008; Smilanick et
al., 2008; Valencia-Chamorro et al., 2008;
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Table 5. Percentage of control efficiency (PCE) of different concentrations (ug/ml) of fungicides and salts alone or in
mixtures against incidence of green mold on orange fruits caused by Penicillium digitatum.

Percentage of control efficiency (PCE)

Candidate Candidate LSD. at
Treatments Conc. pg/ml Separated sodium bicarbonate ~ potassium sorbate 506
treatment concentrations concentrations
1000 pg/ml 2000 pg/ml 1000 pg/ml 2000 pg/ml
1000 45.83 58.33 75.00 54.17 66.67 7.18
Propiconazole 1500 70.83 79.17 91.67 79.17 87.50 7.82
2000 87.50 95.83 100.00 91.67 100.00 7.91
1000 41.67 50.00 66.67 50.00 62.50 8.14
Pyrimethanil 1500 66.67 79.17 83.33 75.00 83.33 7.56
2000 83.33 91.67 100.00 87.50 95.83 7.93
1000 25.00 50.00 66.67 41.67 62.50 9.36
Carbendazim 1500 45.83 62.50 75.00 58.33 66.67 8.28
2000 70.83 83.33 91.67 79.17 87.50 8.09
1000 33.33 50.00 70.83 50.00 62.50 10.33
Trifloxystrobi 1500 54.17 66.67 83.33 70.83 79.17 8.67
2000 75.00 87.50 100.00 87.50 91.67 9.03
Sodium .
bicarbonate 1x10 25.00 i i i i i
2x10%* 41.67 - - - - -
3x10%* 70.83 - - - - -
1x10%* 16.67 - - - - -
Potassium 2x10%* 37.50 - - - - -
sorbate 3x10%* 62.50 - - - - -
L.S.D. at 5% - 7.18 7.57 8.03 7.96 8.23 -

*The common concentration of salts reviewed from the literature

Table 6. Percentage of control efficiency (PCE) of different concentrations (ug/ml) of fungicides and salts alone or
in mixtures against incidence of blue mold on orange fruits caused by Penicillium italicum.

Treatments Eg/m Percentage of control efficiency (PCE)
Candidate sodium Candidate potassium  L.S.D. at
Separated___bicarbonate concentrations sorbate concentrations 5%
treatment 1000 2000 1000 2000
pg/mi pg/mi pg/mi pg/mi

1000 50.00 58.33 87.50 54.17 75.00 7.69
Propiconazole 1500 70.83 83.33 95.83 79.17 91.67 8.01
2000 91.67 95.83 100.00 95.83 100.00 8.19
1000 41.67 54.17 75.00 50.00 70.83 7.81
Pyrimethanil 1500 70.83 87.50 95.83 79.17 91.67 8.16
2000 79.17 91.67 100.00 87.50 100.00 7.79
1000 33.33 54.17 79.17 54.17 70.83 8.76
Carbendazim 1500 54.17 70.83 83.33 66.67 75.00 9.23
2000 75.00 91.67 95.83 83.33 91.67 7.69
1000 37.50 58.33 79.17 54.17 66.67 9.16
Trifloxystrobin 1500 50.00 62.50 87.50 62.50 79.17 9.39
2000 79.17 91.67 95.83 87.50 91.67 7.79

Sodium 1x10%* 29.17 - - - - -

bicarbonate 2x10°> 4583 i ) i i i

3x10%* 70.83 - - - - -

1x10%* 25.00 - - - - -

4%

Potassium sorbate 2);1304 4583 i ) i i i

N 58.33 - - - - -

L.S.D. at 5% - 7.88 7.37 7.94 9.31 7.78 -

*The common concentration of salts reviewed from the literature
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